Aims: The influence of tobacco use in alcohol-dependent individuals is not well understood, especially the role of snuffing, which is common in Northern Europe. The aim was therefore to investigate the influence of smoking and snuffing on the progression, severity and treatment outcome in alcohol-dependent individuals. The hypotheses were that concomitant tobacco use (i.e. smoking or snuffing) would enhance the progression and severity of alcohol dependence and be less beneficial for treatment outcome, relative to tobacco non-users. Methods: Alcohol-dependent individuals (n = 347) were recruited from three treatment units specialized in alcohol use disorders. Participants were interviewed about their current and past alcohol and tobacco use at treatment entry and at a follow-up interview 2.5 years thereafter. Results: The tobacco users (smokers and snuffers) had an earlier alcohol debut compared to the tobacco never-users. Snuffers reported regular alcohol consumption and inebriation at an earlier age in contrast to smokers and tobacco never-users. There were no difference between the groups regarding treatment outcome. Conclusions: This study highlights the importance of studying not only the influence of smoking but also of snuffing on the progression, severity and treatment outcome in individuals with alcohol dependence.
INTRODUCTION
It is well known that there exists a high prevalence of smoking (60-90%) in alcohol-dependent treatment-seeking individuals (Pomerleau and Pomerleau, 1987; Daeppen et al., 2000; Walitzer et al., 2015) . This may lead to a higher morbidity and mortality in alcohol-dependent individuals who are smokers compared to non-smoking alcohol-dependent individuals (Bien and Burge, 1990) . Cardiovascular diseases or cancer are, for example, often associated with excessive smoking and/or alcohol consumption and the combined health risk of these two drugs may be 50 percentage higher than the sum of their independent risk (Bien and Burge, 1990) . In addition, it is not only the somatic comorbidity of the alcohol-dependent individuals, which is affected by smoking. It has also been shown that alcohol-dependent individuals, who are smokers, usually have a more rapid progression and greater severity of their alcohol dependence (Daeppen et al., 2000; John et al., 2003; Walitzer and Dearing, 2012) . Furthermore, it should be noted that Berggren et al. (2007a) found that not only smoking, but also the use of smokeless tobacco (snuffing), were associated with greater severity of alcohol dependence. It should also be mentioned that the more severe alcohol dependence in the smokers may reflect the presence of additional clinical characteristics such as other psychiatric disorders and other drug dependencies or gender-specific characteristics (Daeppen et al., 2000) . However, when the impact of antisocial personality disorder, additional other drug dependencies or gender were taken into account the smokers still have more severe alcohol dependence (Daeppen et al., 2000; Baggio et al., 2014) .
It is also well known that after treatment there is a high relapse rate into drinking in alcohol-dependent individuals. No consensus exists about the relapse rate but it may approximately be in the range of 65-70% within 12 months after treatment (Miller et al., 2001) . There are many different causes for relapse into drinking and it is most likely a result of a combination of biological, neurocognitive, psychological, psychiatric and sociodemographic factors (Miller et al., 2003; Bradizza et al., 2006; Moos and Moos, 2006; Walter et al., 2006) . Given the high prevalence of tobacco use in alcohol-dependent individuals an increasing number of studies have evaluated the influence of tobacco use, mainly smoking, on the relapse proneness. In summary, these studies suggest that tobacco use, e.g. smoking, is associated with less successful treatment outcome (Hintz and Mann, 2007; Tsoh et al., 2011; Stuyt, 2014; Walitzer et al., 2015) . In the Swedish population, people have been using two forms of tobacco for about 200 years, i.e. either smoking the tobacco (today predominantly cigarettes) or using smokeless tobacco (in the form of moist snuff, in Swedish language called 'snus'). These two patterns of tobacco uses may enable us to evaluate the influence both of smoking and of smokeless tobacco (snuff) on the progression and severity of alcohol dependence but also on the outcome of treatment for alcohol dependence. Given that the impact of tobacco on alcohol dependence has been more or less exclusively studied in smokers of tobacco we considered it also to be of value to study the influence of smokeless tobacco, i.e. snuff, on alcohol dependence. This may be of importance since it has been suggested that promoting transition from tobacco smoking to the use of smokeless tobacco, may confer substantial health benefits in reducing smoking-related cancers and cardiovascular diseases (Rodu et al., 2002 ; see also Berggren et al., 2007a for a more extensive discussion). If such a transition from smoking to the use of smokeless tobacco should occur in the future in the population, it would therefore be of importance to already now gain more information about the influence of smokeless tobacco on alcohol consumption and dependence.
The aim of the present study was thus 2-fold: firstly, to evaluate the influence of two forms of concomitant tobacco use, i.e. smoking or snuffing, on the progression and severity of alcohol dependence, secondly to evaluate the influence of these two forms of tobacco use on the outcome of treatment for alcohol dependence. Comparisons were made throughout the study with a group of tobacco non-using alcoholdependent individuals. Based on the earlier mentioned studies, the hypotheses were that concomitant tobacco use (i.e. smoking or snuffing) would enhance the progression and severity of alcohol dependence and be less beneficial for treatment outcome, relative to tobacco non-users.
MATERIALS AND METHODS
This study is a part of an ongoing longitudinal project (Gothenburg Alcohol Research Project; GARP), which aims to investigate risk-factors influencing treatment outcome in alcohol dependence (Berglund et al., 2008 (Berglund et al., , 2013 (Berglund et al., , 2016 Dahlgren et al., 2011; Fahlke et al., 2012) . The participants in this study were recruited from three treatment settings between 2004 and 2010: one 12 step outpatient treatment unit, one 12 step inpatient treatment unit and one community outpatient treatment unit using a psychodynamic approach. In average, about one third of the participants were recruited at each treatment unit (at the two outpatient treatment units 32.5% respective 30.2% and at the inpatient treatment unit 37.4%).
Subjects and procedure
When participants arrived at any of the three treatment centers they were also invited to participate in this study. If they approved to be included in the study they were interviewed by researchers from GARP during the first week after arrival. Patients were excluded if they had severe psychiatric/somatic comorbidity and/or other current drug dependencies than alcohol and nicotine. The participants were re-interviewed about 2.5 years after treatment entry (here named the follow-up). Total number of participants included was 347 (260 men and 87 women) and their mean age was 47.9 ± 10.3 years. The percentages of drop-out between the treatment entry and the follow-up was 29.1%. It should be noted that although all participants received treatment for their alcohol dependence there was no specific therapeutic plan for cessation of their tobacco use. Informed consent was obtained from all participants. The study was approved by the regional ethical board at University of Gothenburg (No: 487-03).
Measures
The standardized structured interview Addiction Severity Index (ASI) was used. This interview covers questions about alcohol consumption, use of illicit drugs, mental and physical health and social functioning (McLellan et al., 1992) . The interview has overall good reliability and validity measures in individuals with alcohol use disorders.
The participants were interviewed within a week after they had arrived at the treatment unit. For the purpose of this study, the ASIinterview was supplemented with questions regarding alcohol dependence according to criteria of DSM-IV and also about their alcohol consumption during an average week the last 12 months. The volumes of the various alcohol beverages were thereafter recalculated into grams of pure alcohol. The interview was furthermore supplemented with questions about their present and earlier use of tobacco (age at onset of tobacco use, age at onset of regular tobacco use, years of regular tobacco use, current daily numbers of cigarettes and daily grams of snuff). At the follow-up, the participants were interviewed once more by again using the ASI with the supplemented questions about alcohol and tobacco use.
Statistics
Since the first aim was to investigate the influence of tobacco use on the progression and severity of alcohol dependence the sample was sub-grouped in the following way: (1) tobacco never-users, (2) regular smokers and (3) regular snuffers. Individuals belonging to the latter sub-groups were regular smokers or regular snuffers for a time period of at least 5 years when they were in progression of their alcohol dependence. Dual users (n = 27; 7.8%) were classified according to their predominantly used form of tobacco. Groups were compared regarding the following background variables obtained from the ASI: sex, education, civil status, employment, childhood maltreatment experiences, psychiatric problems, and alcohol and drug-related variables. They were assessed about the presence and total number of DSM-IV criteria.
For the second aim of the study, which was to investigate the influence of tobacco use on treatment outcome for alcohol dependence, the sample was sub-grouped in a different way since some individuals had changed their tobacco habits at the follow-up: (1) Tobacco never-users, (2) tobacco former users, (3) regular smokers and (4) regular snuffers. The following outcome variables were used: no alcohol consumption after end of treatment, days of alcohol consumption the last 30 days, grams of pure alcohol during an average week the last 12 months and DSM-IV criteria.
The statistical analysis was performed using IBM SPSS Statistics version 21. The chosen significance level was P < 0.05. One-way analysis of variance (ANOVA) was used when comparing continuous variables. Tukey's post hoc test was used when there was significant differences between the groups. Chi-square was used when comparing categorical variables and when there was significant differences, standardized residuals were used. When multiple comparisons were made concerning variables such as psychiatric problems and DSM-IV criteria, Bonferroni corrections were performed.
RESULTS

Background data
Out of 347 alcohol-dependent individuals enrolled in the study, 284 (82%) were regular tobacco users when they were in progression of their alcohol dependence. Among these were 207 (60%; 143 men and 64 women) regular smokers (smoking at least 3 days a week) and 77 (22%; 73 men and 4 women) regular users of smokeless tobacco, i.e. snuffers (snuffing at least 3 days a week). Among tobacco non-users 63 (18%), 44 were men and 19 women. There was a significant difference between gender in the three groups, i.e. regular smokers, regular snuffers and tobacco never-users, where the women were fewer than statistical expected in the regular snuffer group (χ 2 = 21; df = 2, P < 0.001), see Table 1 .
At the treatment entry the age (mean ± SD) among the tobacco never-users was 48.1 ± 10.1 years, the regular smokers 49.7 ± 9.6 years and among the regular snuffers 42.8 ± 10.7 years. Age was significantly different between the three groups where the regular snuffers were younger than the two other groups (F = 13.8, df = 2, P < 0.001). The remaining background variables did not differ between the three groups, see Table 1 .
Influence of tobacco use on alcohol progression and severity
The two groups who were tobacco users during the progression of the alcohol dependence had a significantly earlier age of alcohol debut than tobacco never-users (regular smokers at 14.5 ± 2.7, regular snuffers at 14.2 ± 2.4 and tobacco never-users at 15.5 ± 3.4 years; F = 4.37; df = 2, P < 0.02). The regular snuffers began to consume alcohol regularly (at least 3 days a week) earlier than tobacco never-users and regular smokers (regular snuffers at 27.3 ± 9.8, regular smokers at 30.8 ± 11.9 and tobacco never-users at 33.1 ± 11.5 years; F = 4.05; df = 2, P < 0.02). Snuffers also reported regular inebriation (at least 2 days a week) at an earlier age than the other two groups (regular snuffers at 27.3 ± 10.5, regular smokers at 30.8 ± 12.3 and tobacco never-users at 31.3 ± 11.8 years; F = 3.96; df = 2, P = 0.02). More individuals among the tobacco users reported higher lifetime experiences of using drugs like narcotics and prescription drugs (regular smokers 113 (55%), regular snuffers 41 (53%), tobacco never-users 19 (30%); (χ 2 = 13.6; df = 2, P < 0.001). The same pattern was also observed concerning lifetime experiences of using cannabis (χ 2 = 10.1; df = 2, P < 0.01; see Table 2 ) There were no influence of gender on the progression of alcohol dependence. The age at smoking debut was for the regular smokers 13.4 ± 3.1 years and their age at onset of regular smoking (at least 3 days a week) was 16.7 ± 3.9 years. They had been regularly smoking for 30.0 ± 10.6 years. There were no gender differences in the aforementioned variables. In average their current daily number of cigarettes was 16.8 ± 7.0 (men: 17.7 ± 7.1, women: 15.0 ± 6.6; P < 0.05). For the regular snuffers the age of snuffing debut was 14.5 ± 3.0 years and the age of regular snuffing was 18.0 ± 5.5 years. In average the regularly snuffers were currently using 32.3 ± 14.4 grams snuff each day. They had been regularly snuffing for 22.6 ± 9.7 years. In the group of snuffers the number of women was too low to perform statistical analysis.
Alcohol treatment outcomes
In the follow-up, participants were sub-grouped according to their current tobacco use status. There were no significant differences in follow-up rate between the four groups: regular snuffers (70%), regular smokers (69%), tobacco never-users (76%) and tobacco former users (79%) ( Table 3) .
No significant differences were seen between the four groups regarding total abstinence (i.e. no alcohol consumption after end of treatment), days of alcohol consumption the last 30 days or grams of pure alcohol per week.
Among those who were regular tobacco users at treatment entry, 17 individuals (13 smokers and 4 snuffers) had quit tobacco use during the time period until the follow-up. Of those who were tobacco nonusers at treatment entry, six individuals had started using tobacco during the same time period (four smokers and two snuffers).
DISCUSSION
In the present study of 347 treatment-seeking alcohol-dependent individuals, we found that 82% had been regular tobacco users when in progression of their alcohol dependence. This high prevalence of tobacco use in alcohol-dependent individuals is in agreement with earlier studies reporting a prevalence of smoking in the range 60-90% (Pomerleau and Pomerleau, 1987; Daeppen et al., 2000; Walitzer et al., 2015) . However, in the present study two different forms of tobacco were used among the participants. Thus, of those who used tobacco, 73% were smokers and the remaining used smokeless tobacco (i.e. snuff). This pattern of tobacco use enabled us to evaluate both the influence of smoking tobacco and of the use of smokeless tobacco on the progression (as assessed by ages both at alcohol debut, at regular alcohol consumption and at regular inebriation), severity (as assessed by total numbers of DSM-IV criteria) and on treatment outcome in the alcohol-dependent individuals.
Concerning the progression of alcohol dependence in the tobacco users, both the regular smokers and snuffers reported an earlier age of alcohol debut in comparison to tobacco never-users. Furthermore the age at onset of regular alcohol consumption (at least 3 days a week) and regular inebriation (at least 2 days a week) occurred at an earlier age in the snuff users, than in the two other groups. This younger age at onset of both regular alcohol inebriation and consumption in the snuff users may thus be interpreted as an indicator of a more rapid progression of alcohol dependence in snuff-using individuals. This has earlier been shown for smoking tobacco (Daeppen et al., 2000; John et al., 2003; Berggren et al., 2007a; Walitzer and Dearing, 2012) and is now also shown for smokeless tobacco, i.e. snuff. It should in this context be noted that we have, in an earlier study of ours (Berggren et al., 2007a) , found that alcohol-dependent individuals, using snuff regularly, reported an earlier age at onset of excessive alcohol consumption. Thus, there is now mounting evidence that in tobacco-using individuals, not only smoking but also smokeless tobacco may be associated with a more rapid progression of alcohol dependence.
As mentioned in the introduction the presence of additional clinical characteristics such as other psychiatric disorders or other drug dependencies in tobacco-using alcohol-dependent individuals may influence the progression and severity of their alcohol dependence. However, in the present study we found no differences in childhood maltreatment experiences or psychiatric problems between the tobacco users and tobacco non-users, making such an explanation less likely. On the other hand, the tobacco users reported more Table 2 . Alcohol-and drug-related variables at treatment entry for patients with alcohol dependence who were tobacco never-users, regular smokers or regular snuffers. Data are presented as mean (±SD) or frequencies (% in parenthesis)
Tobacco neverusers
Regular smokers
Regular snuffers frequently lifetime experiences of using narcotics (including prescription drugs and/or cannabis), but none of these were regular users, also making this explanation less likely. With respect to the influence of smokeless tobacco it is of note that in the present study we found a notably rapid progression to reporting inebriation at least twice a week in the snuff users. This group reported inebriation at least twice a week by as much as about 4-5 years earlier than the other two groups (i.e. smokers and tobacco non-users). The reason for the earlier experience of inebriation in the snuff users is unknown. However, in an earlier study of ours (Berggren et al., 2007b) it was found that alcohol-dependent individuals who were smokers, but not those who used snuff, had lower platelet monoamine oxidase-B (MAO-B) activity in comparison to controls. This finding may be explained by the fact that tobacco smoke, but not snuff, contains MAO-inhibiting substances such as the beta-carbolines harman and norharman. One possible hypothesis is that the presence of MAO inhibitors in the tobacco smoke may have decreased the metabolism of central catecholamines (CAs) and the concomitant increased levels of central CAs may therefore have counteracted the sedative/intoxicating effect of alcohol. If so, one suggestion is that the age at onset of experiencing inebriation may have been delayed in alcohol-dependent individuals who were smokers and consequently made the experience of inebriation to occur earlier in individuals who were snuff users. Finally, it could also be speculated that the here shown earlier onset of experiencing inebriation in alcohol-dependent individuals, who were snuff users, may have motivated them to seek treatment earlier, thus explaining the finding that this group were about 5-7 years younger than the other two groups (i.e. smokers and tobacco non-users) at treatment entry.
Regarding the influence of tobacco use on the severity of alcohol dependence as assessed by the use of DSM-IV criteria (Langenbucher et al., 1996; Gelernter and Kranzler, 1999) , there was no difference between tobacco users and tobacco non-users neither in the total number of DSM-IV criteria nor in any of the individual criteria. Nevertheless, it should be noted that in this study the use of smokeless tobacco, such as snuff, appears to be associated to an even more rapid progression of alcohol dependence as it was dominated by both an earlier debut of inebriation and of regular alcohol consumption. This should be taken into account in the ongoing discussion of whether to replace smoking tobacco with smokeless tobacco in order to achieve general health benefits, i.e. harm reduction.
We also evaluated the influence of tobacco use on treatment outcome in alcohol dependence. Somewhat surprisingly there was no differences in alcohol treatment outcome variables between tobaccousing and tobacco non-using individuals. This finding is in contrast to most other studies reporting a less successful treatment outcome in tobacco-using alcohol-dependent individuals (Hintz and Mann, 2007; Tsoh et al., 2011; Stuyt, 2014; Walitzer et al., 2015) . It should also be noted that there was no differences in follow-up rates between the groups. However, in contrast to the large body of data suggesting that smokers drink more alcohol than non-smokers (McKee and Weinberger, 2013) we found no differences in alcohol consumption variables between tobacco-using and non-tobaccousing individuals. Whether this may have influenced results in treatment outcome in the present study remains to be elucidated.
Finally, concerning tobacco use we found that 17 individuals of the tobacco users had stopped using tobacco at the follow-up interview despite the fact that they had not received any formal treatment for tobacco cessation. This finding is in agreement with an earlier study of Kohn et al. (2003) . However it should be noted that in the present study this beneficial effect was somewhat offset by the fact that six individuals of the tobacco non-users had started using tobacco at the follow-up. Noteworthy, four of these individuals had never used tobacco earlier in their lifetime.
There were some limitations of this study that ought to be mentioned. Firstly, this is an observational study (randomization of tobacco use cannot be performed for ethical reasons) and it cannot therefore be excluded that other unknown factors associated with tobacco use may have influenced the results rather than tobacco use in itself. Secondly, the alcohol consumption data were based only on self-reports by the participants and no biochemical markers for alcohol consumption, such as carbohydrate-deficient transferrin or phosphatidyl ethanol, were used. The usefulness of such biological markers in long-term follow-up studies (2½ years after treatment entry in the present study) is, however, hampered by the limited Table 3 . Outcome data for alcohol at the follow-up after treatment entry (i.e. 2½ years later) for patients with alcohol dependence who were either tobacco never-users, former users, regular smokers or regular snuffers. Data are presented as mean (±SD) or frequencies (% in parenthesis) time-periods (weeks up to a month) that these biological markers cover. Thirdly, the frequency of women who used smokeless tobacco was low (due to a tradition of low frequency of snuff use among Swedish women) making it difficult to draw any conclusions for this group. Finally although the lengthy follow-up period (2.5 years) is advantageous, there was an attrition rate of 29.6%, which may have affected interpretation of the results. Despite these limitations this study highlights the importance of studying not only the influence of smoking but also of snuffing on the progression and treatment outcome in individuals with alcohol dependence.
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